Background: Hepatocellular carcinoma (HCC) recurs in 10-60% of patients after liver transplantation and carries very dismal prognosis. Optimal management of this condition has yet to be defined.
Introduction
Hepatocellular Carcinoma (HCC) is the leading cause of deaths among patients with hepatitis B, hepatitis C or related cirrhosis, and its incidence has increased over the past decade [1] . Liver Transplantation (LT) is the definitive treatment for it and the underlying liver cirrhosis. Unfortunately, HCC recurs in 10-60% of patients after LT [2] [3] [4] [5] [6] . The average time for recurrence ranges between 1 and 2 years, and some patients develop recurrence after 5 years [6] . Treatment of recurrent HCC after LT remains a myth. The present study reviews the management of recurrent HCC after LT at our center.
Patients and Methods
Data of all adult patients who underwent LT at Queen Mary Hospital in the period from July 1994 to December 2007 were reviewed. The strategies used for the management and selection of patients with known HCC for LT have been described previously [7] . In brief, normally patients aged 65 years or below with disease not
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Management of Recurrent Hepatocellular Carcinoma after Liver Transplant -A Single Center Experience
For living-donor LTs, all living donors needed to have compatible ABO blood groups, as well as negative serology for hepatitis B surface antigen and hepatitis C antibody, and no evidence of any acute or chronic illness that would increase the operative risk. Computed tomography with volumetry was performed to determine the size of the donor liver, and the left or right liver lobe was selected to provide a graft larger than 40% of the recipient's standard liver as estimated according to the University of Hong Kong formula [9] .
Patients were followed up at our outpatient clinic weekly within the first 3 months of LT, and then every 1 to 3 months depending on their clinical status and results of liver function tests. Routine blood tests including liver and renal function tests were performed at every visit. Serum α-fetoprotein level check, chest X-ray and computed tomography (or magnetic resonance imaging for patients with impaired renal function) were performed every 3 to 6 months within 5 years of LT, and thereafter every 6 to 12 months or when deemed indicated (e.g. if the serum α-fetoprotein level showed a rising trend).
Treatment for intrahepatic recurrence
The selection criteria for resection in liver grafts were the same as those for primary resection [10] . The resection techniques have been described in detail previously [10] . In brief, the criteria were (i) absence of extrahepatic disease, (ii) anatomically suitable disease, (iii) technically feasible disease, and (iv) absence of main portal vein or inferior vena cava tumor thrombus. All resections were conducted by experienced liver transplant surgeons. As a general guideline, sectionectomy or hemihepatectomy was performed for centrally located lesions, and wedge resection was performed for peripherally located lesions. Intraoperative ultrasonography was performed routinely for detecting undetected lesions in the liver. Liver parenchymal transection was performed with a Cavitron ultrasonic surgical aspirator. During liver transection, the central venous pressure was maintained below 5 mmHg by strict control of intravenous fluid administration so as to reduce venous bleeding from the liver. Hemostasis was achieved by suture, electrocautery or argon beam coagulation. Abdominal drain was not routinely deployed.
Patients with a solitary tumor ≤5 cm or ≤3 tumor nodules each ≤ 3 cm who needed resection of large non-tumorous liver or had marginal liver function or difficult anatomical tumor locations (e.g. junction of major vasculatures) were subjected to radiofrequency ablation.
Treatment for multiple or extrahepatic recurrence
Patients with multiple or extrahepatic recurrence were given best medical treatment and referred to the oncology department for consideration for possible systemic or targeted therapies.
Statistical analysis
The patients were divided into 3 groups for comparison: with intrahepatic recurrence (IR), with multiple (>3 intrahepatic recurrences) or extrahepatic recurrence (MR), and with no recurrence (NR). No patients had suspicious extrahepatic metastasis at the time of transplantation. Hospital mortality was defined as death occurring during the same hospital admission for the primary operation. Comparison of categorical variables was performed using Pearson's chi-squared test. Nonparametric continuous variables were compared using independent-samples Kruskal-Wallis test and presented as medians and ranges. Parametric continuous variables were compared using Student's t test and presented as means with standard deviation. Survival was analyzed by the Kaplan-Meier method, and comparison of variables was performed with the log-rank test. P values <0.05 were regarded as statistically significant and all p values were two-tailed. Significant factors (p<0.1) were put into a multiple logistic regression to determine independent factors associated with survival.
Results
Two hundred and fifty-two patients were included in the analysis. HCC recurrence occurred in 35 (13.9%) patients, 3 with IR and 32 with MR. Patients in the IR and MR groups had a younger age (51 vs. 51 vs. 56 years; p=0.007), a higher pretransplant serum α-fetoprotein level (27 vs. 97.5 vs. 18 ng/mL; p=0.005), more tumor nodules on histopathology (4 vs. 2 vs. 1; p=0.003) and a higher incidence of lymphovascular permeation (33% vs. 59% vs. 27%; p=0.001) than patients in the NR group (Table 1 and Table 2 ). More patients in the IR and MR groups had tumors beyond the UCSF criteria (67% vs. 56% vs. 17%) and tumors at stage IIIA or above (p<0.001) when compared with the NR group ( Table 2 ). The preoperative and postoperative viral loads for infections of hepatitis B virus (HBV) and hepatitis C virus (HCV) are listed in Table 3 . Entecavir was given to patients who had a high HBV DNA load, and interferon-based therapy was given to patients with a high HCV RNA load. On multivariate analysis, patient age, salvage LT and tumor status beyond the UCSF criteria are independent risk factors for HCC recurrence (Table 4) . Table 5 shows the treatments for recurrence given to patients in the IR and MR groups. The overall 1-year, 3-year and 5-year patient survival rates were 100%, 66.7% and 0% respectively in the IR group, 93.8%, 43.5% and 23.9% respectively in the MR group, and 96.7%, 95% and 92.7% respectively in the NR group. Longer patient survival was found in the IR group when compared with the MR group (p<0.001) (Figure) . 10 .4% of male adults and 7.7% of female adults were positive of hepatitis B surface antigen. On the other hand, places where HCV infection is epidemic such as Japan and the United States has seen a surge of liver cirrhosis and HCC related to the virus [1, 11] .
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In 2009, the LT program in Hong Kong started to adopt the 'bonus points' system for stage-2 HCC [12] . The system has increased the number of LTs for HCC considerably, which now account for one third of all LTs in Hong Kong. Concomitantly, the incidence of HCC recurrence after LT is on the rise. This desperate issue requires more attention than ever before. Treatments for HCC recurrence are highly variable. Therorectically, all treatments for HCC can be applied to treat its recurrences after LT, but the nature would be different. Treatments for HCC recurrences after LT are palliative in nature since they are 'systemic' recurrences. Nonetheless, aggressive treatment can be offered to patients who have IR only.
In the study, all the 3 patients in the IR group underwent resection of the liver graft and further recurrences were treated by transarterial chemoembolization or radiofrequency ablation. The overall survival of patients with IR was significantly longer than that of patients with MR (59 vs. 30.4 months; p<0.001) although the time of recurrence from transplant was comparable (23.1 vs. 12 months; p=0.141). One patient survived 3 year after treatments for IR.
At out center, patients with IR are subjected to surgical resection or radiofrequency ablation if they have fewer than 3 nodules, otherwise transarterial chemoembolization is administered. The aggressive approach has shown some evidence of prolonging survival. Nonetheless, recurrence pattern also plays an important role in 
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Comparison of overall patient survival in the 3 groups.
